The anti-inflammatory activity of intravenous Ig (IVIG) results from a minor population of the pooled IgG molecules that contains terminal ␣2,6-sialic acid linkages on their Fc-linked glycans. These anti-inflammatory properties can be recapitulated with a fully recombinant preparation of appropriately sialylated IgG Fc fragments. We now demonstrate that these sialylated Fcs require a specific C-type lectin, SIGN-R1, (specific ICAM-3 grabbing nonintegrin-related 1) expressed on macrophages in the splenic marginal zone. Splenectomy, loss of SIGN-R1 ؉ cells in the splenic marginal zone, blockade of the carbohydrate recognition domain (CRD) of SIGN-R1, or genetic deletion of SIGN-R1 abrogated the anti-inflammatory activity of IVIG or sialylated Fc fragments. Although SIGN-R1 has not previously been shown to bind to sialylated glycans, we demonstrate that it preferentially binds to 2,6-sialylated Fc compared with similarly sialylated, biantennary glycoproteins, thus suggesting that a specific binding site is created by the sialylation of IgG Fc. A human orthologue of SIGN-R1, DC-SIGN, displays a similar binding specificity to SIGN-R1 but differs in its cellular distribution, potentially accounting for some of the species differences observed in IVIG protection. These studies thus identify an antibody receptor specific for sialylated Fc, and present the initial step that is triggered by IVIG to suppress inflammation.
S
ince their initial discovery by von Behring and Kitasato over a century ago, immunoglobulins have served as prototypical effector molecules of immune defense. Antigen binding, a property of the variable domains of the molecule, confers on immunoglobulins their remarkable diversity, while the constant region of the molecule functions to couple antigenic recognition to cellular effector pathways. It is through these Fc domains that immunoglobulins engage specific cellular receptors, translating the specificity of antigen recognition into in vivo responses. Thus, IgG molecules are able to trigger proinflammatory responses, such as phagocytosis and tumor cell killing through the engagement and cross-linking of cognate Fc receptors for IgG (Fc␥Rs) (1) . Similarly, IgG immune complexes, when deposited in end organs such as the kidney, synovium or lung, can induce an inflammatory response initiated by the activation of Fc␥Rs on inflammatory cells, such as macrophages and neutrophils, and trigger the tissue pathology observed in diseases such as systemic lupus erythematosis and arthritis. Systematic analysis of the Fc domain interactions with Fc␥Rs and the resulting in vivo biological properties of IgG antibodies has highlighted the critical role of these interactions to the efficacy of antibodies in diverse settings, including therapeutic IgGs developed for the treatment of neoplastic diseases, developed in defense against microbial pathogens, and in understanding the mechanisms of tissue pathology in autoantibody mediated autoimmune diseases (2) .
However, IgG has also been demonstrated to mediate antiinflammatory activity when administered as very high doses to patients suffering from autoimmune diseases (3) . Monomeric IgG, purified from the serum of thousands of healthy donors (IVIG) is a commonly administered at high doses (1-2 g/kg) for the treatment of a number of autoimmune diseases, including immune-mediated thrombocytopenia, chronic inflammatory demyelinating polyneuropathy, Kawasaki Disease and Guillain-Barre syndrome, and is widely used in other autoimmune disorders (4) (5) (6) .
A number of hypotheses have been advanced to explain the paradoxical activity of high dose IgG, and include models that attribute the activity to the polyclonal binding specificities, encoded in the variable domains of the administered antibodies that may counteract the activity of autoantibodies or inflammatory mediators (6) . Others have focused on the IgG Fc portion as the anti-inflammatory component, and are supported by early clinical studies in which preparations of Fc fragments were active in restoring platelet levels in autoimmune thrombocytopenia comparable to that of intact IgG (7) . Numerous mechanisms have been proposed to account for this activity of high dose IgG Fc fragments, including competition for cellular Fc␥Rs, saturation of FcRn, and modulation of inhibitory pathways (6) . Attempts to distinguish among these models have been hampered by a lack of in vivo models that recapitulate the anti-inflammatory activity of high dose IgG, and an incomplete understanding of the biochemical composition of the active components within the polyclonal therapeutic required for in vivo activity.
To address these shortcomings, we have developed murine inflammatory disease models that are attenuated by the antiinflammatory activity of high-dose IVIG or its Fc fragments, including immune thrombocytopenia (8), serum-induced arthritis (9) and nephrotoxic nephritis (10) . Thus, mice deficient in the macrophage growth/differentiation factor CSF-1 or mice lacking the inhibitory Fc␥RIIB receptor fail to respond to IVIG treatment to attenuate thrombocytopenia, arthritis, or nephritis (8) (9) (10) . Other pathways, such as the classical pathway of complement activation, for example, appear to be dispensible for IVIG protection (8) (9) (10) . These results have lead us to propose a model in which Fc fragments of IgG interact with a regulatory macrophage population in the spleen, which, in turn, mediates the stimulation of an antiinflammatory pathway, ultimately increasing surface expression of the inhibitory Fc receptor on effector macrophages found at sites of immune complex deposition (3, 6) .
The high-dose requirement for the anti-inflammatory activity of IVIG (1-2 g/kg), suggested that the preparations of purified IgG from normal human donors contain a small fraction of active therapeutic. We recently reported on the biochemical characterization of IVIG preparations that display anti-inflammatory activity in the animal models described above, and demonstrated an absolute requirement for the Fc fragment and its unique, N-linked complex, biantennary glycan attached at Asn 297 (11) . Further characterization demonstrated that the anti-inflammatory activity in IVIG preparations depended on a minor fraction of IgG Fc that contained the fully processed N-linked glycan terminated in sialic acid, linked in an ␣2,6 linkage to the penultimate galactose (12) . This fully processed glycan is found in 1-3% of IgG in IVIG, thus explaining the high dose requirement of IVIG. As expected, enrichment of this fraction by lectin affinity chromatography or in vitro sialylation, resulted in a concomitant reduced dose requirement for in vivo activity. Glycoproteins displaying similar complex, biantennary glycans terminating in sialic acid failed to demonstrate anti-inflammatory activity, indicating that both the amino acid backbone of the IgG Fc and the associated glycan are required. The biantennary glycan found at Asn 297 in the Fc fragment is unusual in that it is structurally constrained within the cavity formed by the A and B chains of the IgG Fc, adopting a highly ordered conformation that contrasts to similar glycans exposed on the solvent face of proteins (13) . This biochemical analysis of the active fraction of IVIG was confirmed by the preparation of a fully recombinant, human IgG1 Fc with a biantennary glycan terminating in ␣2,6-sialic acid-galactose linkages that recapitulated the in vivo antiinflammatory activity of intact IVIG, albeit at a much reduced dose (12) . The in vivo activity of this recombinant preparation was enhanced 35-fold compared with the activity of IVIG.
In the present study, we sought to define the mechanism by which the 2,6-sialylated Fc mediates an anti-inflammatory response, and identify the properties of the regulatory macrophage population and a receptor required for initiating this pathway in response to 2,6-sialylated Fc. A population of splenic marginal zone macrophages that express the C-type lectin SIGN-R1 are required for the anti-inflammatory activity of IVIG, and this receptor and its human ortholog, DC-SIGN, specifically interact with sialylated Fc's. These studies thus provide the framework for the dissection of a property of the IgG Fc region, whereby its modification by sialylation converts it from a proinf lammatory molecule to an antiinflammatory one.
Results
Requirement for a Splenic Marginal Zone Macrophage Population. To further examine the properties of the regulatory macrophage population required for IVIG-mediated immune suppression, a panel of mouse strains with defined defects in specific immune cell populations were treated with IVIG one hour before receiving arthritis inducing sera (14, 15) (K/BxN, Fig. 1 ). Consistent with previous results, wild-type C57BL/6 mice were protected from inflammation by IVIG (Fig. 1 ), as were mice deficient in B cells (JHD Ϫ/Ϫ ) or CD4 ϩ T cells (CD4 Ϫ/Ϫ ). However, IVIG was not effective at protecting mice deficient in both B and T cells (Rag1 Ϫ/Ϫ ) that lack organized follicular structures (16), or splenectomized mice. Previously, IVIG was shown to be ineffective at protecting op/op mice (9) that are defective in CSF-1 dependent macrophage populations (17) , including those found in the marginal zone of the spleen.
The results of these experiments suggested that specific macrophage populations in the splenic marginal zone might be required for the anti-inflammatory effect of the 2,6 sialylated Fc found in IVIG. Next, we set out to determine which of these populations were involved in the anti-inflammatory activity of IVIG.
The C-type Lectin, SIGN-R1, Is Required for IVIG Protection. A variety of receptors are known to be expressed by marginal zone macrophages that are capable of interacting with glycopeptides and include the scavenger receptor MARCO (18) , the sialic acid binding receptor sialoadhesin (CD169 (19)) and SIGN-R1 (20), a C-type lectin involved in the binding of S. pneumonia and dextran (21, 22) .
The ability of IVIG to attenuate K/BxN-induced tissue pathology was examined in the presence of antibodies that blocked the interactions of marginal zone macrophage receptors MARCO, sialoadhesin, and SIGN-R1 with their respective ligands. Although ␣-MARCO (23, 24) or ␣-CD169 (19) antibodies had no effect on the ability of IVIG to mediate its anti-inflammatory response ( Op/op mice are unable to mediate the anti-inflammatory activity of IVIG and lack MOMA-1 ϩ macrophages (9, 17) , which could suggest that MOMA-1 ϩ metallophillic macrophages might be additionally required by IVIG for its anti-inflammatory activity. To reconcile this observation with the data presented in Fig. 2 , we examined whether, in addition to the lack of MOMA-1 ϩ cells, the expression of SIGN-R1 was perturbed in these mice. Consistent with the results shown in Fig. 2 , op/op mice lack the expression of SIGN-R1 on the MARCO ϩ cells in the marginal zone ( Fig. 3 ), thus providing a consistent explanation for the loss of IVIG protection we had previously observed in this strain (9) . SIGN-R1 Binds 2,6-Sialylated Fc. SIGN-R1 is a calcium dependent lectin with a glycan binding profile that includes mannan and dextran (22, 26) . Previous studies have not suggested a binding specificity that included glycans that terminate in sialic acid (26) . However, the glycan associated with IgG Fc fragments is found in an unusual, highly ordered conformation (27) , and the protective activity of 2,6-sialylated Fc requires both the amino acid backbone and the 2,6-sialylated glycan (11) , and the interaction of SIGN-R1 and IgG antibodies had not been examined. We next set out to determine whether SIGN-R1 had the ability to bind to this sialy- A splenic macrophage population is required for IVIG antiinflammatory activity. Wild-type C57BL/6 mice, mice deficient in B cells (JHD Ϫ/Ϫ ), mice deficient in CD4 ϩ T cells (CD4 Ϫ/Ϫ ), mice deficient in both B and T cells (Rag1 Ϫ/Ϫ ), and splenectomized mice were treated with IVIG and K/BxN sera, and footpad swelling was monitored. Means and standard deviation of day 6 clinical scores from 4 -5 mice per group are plotted, and are representative of three separate experiments; * , P Ͻ 0.05 as determined by a Student t test. lated glycoprotein ligand. A transfected macrophage cell line that expressed SIGN-R1 (RAW-SIGN-R1) selectively bound sialylated Fcs compared with untransfected cells (Fig. 4 A and B Fc receptors bind to sialylated Fc with a 10-fold lower affinity than asialylated Fc (6, 11, 12) . Thus, the 2,6-sialylation of the IgG Fc glycan converts the molecule from one able to productively engage Fc␥Rs and mediate an inflammatory response, to a species that has reduced Fc␥R binding but acquires the ability to engage a macrophage expressed lectin, SIGN-R1, and mediate an antiinflammatory response.
A Human Orthologue, DC-SIGN, Binds 2,6-Sialylated Fc. A human orthologue for SIGN-R1, based on sequence homology of the CRD (Fig. 5A ) and its carbohydrate binding specificity (26) is the C-type lectin DC-SIGN (20) . Like SIGN-R1, DC-SIGN has been shown to bind to mannosylated glycans, such as the gp120 glycoprotein of HIV (30) and is thought to be involved in the suppression of immunity triggered by this virus by inducing an anti-inflammatory response (31, 32) . In contrast to SIGN-R1, DC-SIGN is expressed on dendritic cells (33), a ubiquitous cellular population found throughout the body. We examined the binding specificity of DC-SIGN in transfected CHO cells compared with SIGN-R1 expressing CHO cells. Both DC-SIGN and SIGN-R1 expressing CHO cells bound 2,6-sialylated Fc (Fig. 5B and Table 1 ). Mannan, a known ligand for DC-SIGN, was able to compete with 2,6-sialylated Fc for its binding to the transfected CHO cells, demonstrating that the binding sites for these two ligands on the CRD are likely to be overlapping. No binding was observed for fibrinogen, an abundant serum glycoprotein with a sialylated biantennary glycan composition similar to that found on the IgG Fc, but lacking the highly ordered structure seen for the Fc linked glycan (Fig. 5B) , indicating that the interactions between 2,6-sialylated Fc and these lectins required both the glycan and amino acid backbone for their specificity.
IVIG Protection Is Mediated by Splenocytes.
The results presented above suggest that 2,6-sialylated Fc interacts with a lectin expressed on marginal zone macrophages to initiate an anti-inflammatory pathway that ultimately modifies the ability of effector macrophages to trigger activation Fc␥Rs in response to autoantibody deposition. One pathway by which this may be accomplished is through enhanced expression of the inhibitory FcR, Fc␥RIIB, on these effector macrophages. The consequence of enhanced expression of Fc␥RIIB is to raise the threshold required to cross-link activation Fc␥Rs, such as Fc␥RIII and IV. To investigate this hypothesis, we treated wild-type C57BL/6 mice with IVIG and one hour later isolated the splenocytes from these animals. The treated cells were introduced into untreated animals, which were then challenged with the K/BxN serum to induce arthritis (Fig. 6A) . As shown in Fig. 6B , protection from K/BxN induced arthritis could be transferred by these treated splenocytes, even when the recipients lacked SIGN-R1. However, the absence of Fc␥RIIB in the recipient prevented the protection afforded by these splenocytes, consistent with the role of Fc␥RIIB in setting a threshold for the triggering of activation Fc␥R on effector macrophages.
Discussion
The results presented here establish SIGN-R1 as a receptor required for the anti-inflammatory activity of IVIG and its active component, ␣2,6-Fc, This binding interaction is presumed to initiate a pathway in which sialylated IgG promotes an antiinflammatory state and ultimately results in the up-regulation of Fc␥RIIB on effector macrophages (6, 8) . This model, summarized in Fig. 7 , has been presented previously (6) and can now be further refined to indicate the identity of a receptor required for initiating the anti-inflammatory response of IVIG. In support of this multistep mechanism, we have observed that splenocytes isolated from IVIG-treated wild-type mice transfer protection to K/BxN serumtreated mice (Fig. 6 ). This protection does not require the presence of SIGN-R1 in the recipient animal, but does require Fc␥RIIB expression in the recipient. Thus, despite the presence of SIGN-R1 ϩ macrophages in the periphery, it is the splenic SIGN-R1 ϩ cells that are involved in binding sialylated Fc and initiating the antiinflammatory response. The binding of 2,6-sialylated Fc to SIGN-R1 has been demonstrated by saturation binding studies on cells expressing this lectin. This requirement for cell surface expression is consistent with previous reports that failed to detect binding of carbohydrate ligands to monomeric SIGN-R1 (26) . Because SIGN-R1 likely forms a homotetramer (34), these results suggest that the binding interactions are of low affinity and high avidity ( Table 1 ). The ligand, 2,6-sialylated Fc, is composed of both the amino acid and glycan structure, again consistent with previous reports that failed to demonstrate SIGN-R1 binding to sialic acid containing glycans. It is likely that the 2,6 sialic acid-galactose linkage generates a conformation in the IgG Fc that is involved in binding to SIGN-R1. Modifications to the IgG N-linked core glycan have been demonstrated to modify binding to other receptors; de-fucosylation of the N-linked glycan at Asn 297 in human IgG1 enhances binding to human Fc␥RIIIA (35) . Similarly, defucosylation of mouse IgG2b Fc enhances binding to mouse Fc␥RIV (36) . However, while these modifications to the core glycan have been shown to modify the binding affinity to receptors, such as the Fc␥Rs, 2,6-sialylation results in the acquisition of binding to a previously unrecognized partner, SIGN-R1. The consequence of this modification is dramatic-IgG is converted from an state in which binding to Fc␥Rs can trigger a inflammatory response through macrophage activation, to a state in which binding to Fc␥Rs is reduced and binding to SIGN-R1 is acquired.
The anti-inflammatory pathway triggered by 2,6-sialylated Fc is conserved in both mice and humans by virtue of the specificity of the lectin binding to ␣2,6-Fc, albeit through different target cells. The presumptive human orthologue of SIGN-R1, DC-SIGN, demonstrates the same binding specificity for carbohydrate ligands as does mouse SIGN-R1 and, most notably, binds to 2,6-sialylated Fc Table 1 .
with a K a comparable to SIGN-R1. However, DC-SIGN differs from SIGN-R1 in its pattern of cellular expression. It is expressed on dendritic cells and is thus more broadly distributed than mSIGN-R1, whose expression on splenic marginal zone macrophages is required for the activity of IVIG. This difference in anatomical requirement may account for the clinical observation that IVIG is active as an anti-inflammatory therapeutic in the treatment of splenectomized patients, in contrast to the situation in mice (see Fig. 1 ).
Although the precise features of the anti-inflammatory pathway triggered by 2,6-sialylated Fc remain to be defined, the model we have put forward to account for the anti-inflammtory activity of sialylated Fc (Fig. 7) postulates that soluble mediators are released from the 2,6-sialylated Fc activated regulatory cells. These mediators would act as anti-inflammatory cytokines to modify effector cell responses to autoantibodies at distal sites, such as the joint, kidney or spleen, attenuating inflammation and resulting tissue pathology. Our data are also consistent with a model in which 2,6-sialylated Fc activated regulatory cells mediate their antiinflammatory response by cell to cell contact with effector cells or an intermediate cellular population. The end result of either model is the enhanced expression of the inhibitory Fc␥RIIB molecule on effector cells.
We have previously demonstrated that 2,6-sialylated IgG is found in the serum of naïve animals, as well as in the serum of healthy adults, and may function to maintain an anti-inflammatory environment in the steady state (11) . Upon antigenic stimulation, as would occur in response to a microbial pathogen, IgGs directed to the inoculated antigen were found to be hyposialylated and thus able to mediate pathogen directed cytotoxicity and phagocytosis. Ka values were determined by linear regression analysis of the equilibrium binding curves shown in Fig. 4B . n.b., no binding.
This switching between sialylated IgG and asialylated IgG suggests a mechanism by which the immune response can distinguish between IgG antibodies in the steady state and those generated in response to a specific antigenic challenge, thereby protecting the host against coincidental activation of inflammatory pathways in the absence of a pathogenic challenge. It is worth noting that both SIGN-R1 and hDC-SIGN (22, 26) interact with viral and bacterial (30, 37) pathogens directly through their specificity for high mannose oligosaccharides, which can result in internalization and clearance of these organisms. Taken in light of the data presented here it suggests that lectins, such as SIGN-R1 and DC-SIGN, can bind to multiple, discrete ligands that can result in different cellular responses. The topology of these binding sites on SIGN-R1/DC-SIGN are likely to be overlapping, based on our observations that mannan competes with 2,6-sialylated Fc for binding to SIGN-R1 and DC-SIGN. This competition between different ligands capable of mediating different cellular responses may provide another mechanism by which these organisms can compete with 2,6-sialylated Fc for binding to SIGN-R1/DC-SIGN and thus shift the host response away from the anti-inflammatory steady state to an active, inflammatory one, thereby favoring pathogen elimination. Subversion of this pathway by some pathogens, such as HIV, may inappropriately maintain an anti-inflammatory state and thus prevent effective immunity from becoming established. Previous observations on the induction of molecules associated with antiinflammatory responses, like IL-10 and ATF-3 (38, 39) and the persistence of an immature dendritic cell phenotype after DC-SIGN engagement by HIV, are consistent with this proposed pathway.
The studies reported here further highlight the protean activities mediated by the IgG molecule and identify yet another activity associated with the IgG Fc domain. The identification of SIGN-R1/DC-SIGN as a lectin required for the anti-inflammatory activity of IVIG suggests new therapeutic approaches by which inflammation can be suppressed in autoimmune diseases through the manipulation of this pathway.
Materials and Methods
Mice. C57BL/6, NOD, JHD Ϫ/Ϫ , CD4 Ϫ/Ϫ , and Rag1 Ϫ/Ϫ mice were purchased from the Jackson Laboratory. KRN TCR C57BL/6 mice were gifts from D. Mathis and C. Benoist (Harvard Medical School, Cambridge, MA) and bred with NOD mice to generate K/BxN mice. SIGN-R1 Ϫ/Ϫ mice were provided by A. McKenzie (Medical Research Council, Cambridge, United Kingdom) and C. G. Park (The Rockefeller University, New York). Fc␥RIIb Ϫ/Ϫ (29) and FcR ␥ chain Ϫ/Ϫ mice (28) were previously generated in this laboratory and bred to generate FcR ␥/RIIb Ϫ/Ϫ double knockout mice. Age-matched female mice at 5-8 weeks of age were used for all experiments and maintained at the Rockefeller University animal facility. All experiments were done in compliance with federal laws and institutional guidelines and have been approved by the Rockefeller University. K/BxN serum was prepared as described previously (9) . IVIG or ␣2,6-Fcs (1 g/kg or 0.033 g/kg, respectively) were injected 1 h before K/BxN serum. Inflammation was scored 0 -3 for each paw (0, no swelling; 3, maximal swelling) and added for total clinical score per individual mouse. Mice receiving blocking antibody treatment received 100 g of antibody for 1 h (for ␣-SIGN-R1 (ERTR-9, AbD Serotec), ␣-MARCO (ED31, AbD Serotec), ␣-CD169 (3D6, AbD Serotec), or 24 h (for TKO-SIGN-R1 (22D1, eBioscience) before IVIG. For surgical procedures, mice were anestitized and spleens cauterized under sterile conditions, wounds stapled, and mice allowed to recover for one week.
IVIG Fc Preparations. Sialylated 2,6-Fc fragments were generated as previously described (11, 12) , either by enriching the 2,6-sialylated Fc from Fc fragments derived from IVIG preparations by SNA chromatography or by in vitro sialylation of Fc fragments derived either from IVIG or a recombinantly expressed IgG1 mAb. Equivalent results were obtained with each preparation. Preparations were confirmed by lectin blotting using LCA-biotin (Vector) for N-linked glycans, SNA-biotin (Vector) for ␣2,6-sialic acid linkages (11) . Some Fc preparations were treated with neuraminidase (New England Biolabs) to remove all sialic acid residues. Proteins were labeled with Alexa-647 or biotin according to manufacturer's instructions (Invitrogen).
Saturation Binding Experiments.
Binding studies were conducted as previously described (26) , with the following modifications. 2 ϫ 10 5 cells per well were plated in 24-well plates and allowed to adhere overnight. The next day, the media was removed, and the cells were pulsed with increasing concentrations of biotinylated glycoprotein for 1 h at 37°C in PBS with 1 mM CaCl 2 and 1 mM MgCl2. After the incubation, the supernatants were collected, and the concentration of glycoproteins were determined by sandwich ELISA, capturing human IgG (Bethyl), detecting with an anti-biotin-HRP antibody (Bethyl), and developed with TMB development reagent (KPL). Alternatively, the amount of biotin was determined as previously described (26) . For inhibition binding experiments, the cells were incubated with 20 g/ml mannan for 20 min before treatment with Fcs.
Histology. Spleens were removed, frozen in OCT freezing media (Sakura Finetek), and 4-m sections were cut, fixed in cold acetone, stained with ␣-SIGN-R1-Alexa647 (eBioscience), ␣-MARCO (Serotec), ␣-CD169 (Serotec), and imaged on a Zeiss Axiovert fluorescent microscope. To image RAW cells, the same numbers of cells were plated onto circular coverslips placed in 24-well plates overnight, these cells were pulsed with 1 g of Alexa647-labeled (Invitrogen) sialylated Fc in 100 l, stained with DAPI, and the coverslips transferred to slides and analyzed by using an Axiovert fluorescent microscope (Zeiss). All exposure times and contrast adjustments were held identical for corresponding fluorescent channels between samples. Ankle joint histology was preformed as previously described (9) , and imaged at 100ϫ by using an Axiovert light microscope (Zeiss).
Adoptive Transfers. Wild-type C57BL/6 mice were administered IVIG (1 g/kg), and one hour later spleens were removed, digested with Liberase Blendzyme 3 (Roche) for 30 min at 37°C and single cell suspensions generated. Treated splenocytes (1 ϫ 10 8 total) were administered to naïve C57BL/6, SIGN-R1 Ϫ/Ϫ , or Fc␥RIIb Ϫ/Ϫ recipient mice, which were treated with K/BxN serum 1 h later
